Glatiramer acetate (GA) is a first-line disease-modifying therapy (DMT) approved for the treatment of relapsing-remitting MS (RRMS), with more than 2 million patient-years of overall exposure to date.^[@R1],[@R2]^ Before the 2014 approval of the GA 40 mg/mL formulation, administered by 3-times-weekly SC injection (GA40), GA was available exclusively as a once-daily 20 mg/mL SC injection (GA20).^[@R2]^ Across 5 randomized controlled clinical trials, GA20 has consistently demonstrated efficacy in reducing relapse rate and MRI disease activity and slowing of disability progression in patients with RRMS, while possessing a favorable and well-characterized safety record in both short- and long-term studies.^[@R3][@R4][@R11]^ In pivotal placebo-controlled trials, GA20 treatment was associated with a 29% reduction in the relapse rate (*p* = 0.007 vs placebo) and a 33% reduction in the total number of enhancing lesions (*p* = 0.003 vs placebo).^[@R6],[@R9]^

The Glatiramer Acetate Low-Frequency Administration (GALA) study was a phase III trial undertaken to assess the efficacy and safety of GA40 in patients with RRMS over a 1-year period.^[@R12]^ Patients treated with GA40 in the GALA study experienced a 34.4% reduction in the annualized relapse rate (ARR) compared with patients receiving placebo (*p* \< 0.0001), and significant reductions were also observed with GA40 for the cumulative number of gadolinium-enhancing (GdE) T1 lesions (44.8% reduction, *p* \< 0.0001) and new/enlarging T2 lesions (34.7% reduction, *p* \< 0.0001).^[@R12]^ Although GA20 is associated with high rates of both treatment efficacy and treatment adherence,^[@R13]^ the GA40 formulation offers reduced rates of injection-related adverse events (AEs) and injection-site reactions (ISRs) compared with GA20,^[@R2],[@R14]^ which can potentially lead to improvements in treatment tolerability, adherence, and clinical outcomes. GA40 was well tolerated, with a low rate of AEs, consistent with the GA20 safety profile. ISRs were the most common AE, the majority of which were of mild or moderate severity.^[@R12]^

With regard to promptness of efficacy, the interval between treatment initiation and the detection of a treatment effect may be an important factor in treatment selection. The 9003 European/Canadian study, which conducted monthly MRIs, demonstrated a statistically significant treatment effect with GA20 vs placebo in the number of total enhancing lesions per participant starting as soon as 6 months after treatment initiation.^[@R6]^ The purpose of this post hoc analysis of results from the GALA study is to determine the timing of efficacy onset of GA40 during the 1-year placebo-controlled phase of the study.

METHODS {#s1}
=======

Study design and procedures. {#s1-1}
----------------------------

The GALA study was a randomized, placebo-controlled, double-blind, parallel-group study conducted at 142 sites in 17 countries.^[@R12]^ The study design, eligibility criteria, and conduct of the double-blind, placebo-controlled phase of the GALA study have been previously reported.^[@R12]^ In brief, patients were eligible for inclusion if they were aged 18--55 years, had an RRMS diagnosis based on the Revised McDonald Criteria, scored ≤5.5 on the Expanded Disability Status Scale (EDSS), were relapse-free for ≥30 days, had ≥1 documented relapse in the 12 months preceding screening, and either ≥2 documented relapses in the 24 months before screening or 1 documented relapse 12--24 months before screening with ≥1 documented T1 GdE lesion.^[@R12]^

Eligible patients were randomized 2:1 to receive GA40 (n = 943) or placebo (n = 461) during the 7 scheduled visits: at screening, baseline (month 0), and months 1, 3, 6, 9, and 12 ([figure 1](#F1){ref-type="fig"}). Patients underwent a complete neurologic assessment, including EDSS and functional system assessment, at screening, baseline, and months 3, 6, 9, and 12. MRI assessments were conducted at baseline and months 6 and 12. Safety assessment included recording of all AEs, in addition to the performance of standard clinical laboratory tests, vital signs, and electrocardiograph (ECG) measurements. Eligible patients completing the 1-year placebo-controlled, double-blind phase were invited to participate in an open-label extension.^[@R12]^

![GALA study design\
\*Only clinical visits involving complete neurologic and physical examination are represented in this figure. GA40 = glatiramer acetate 40 mg/mL 3-times-weekly SC injection; R = randomization.](NEURIMMINFL2016010868FF1){#F1}

Standard protocol approvals, registrations, and patient consents. {#s1-2}
-----------------------------------------------------------------

All institutional review boards or ethics committees of the participating centers approved the protocol, and all patients provided written informed consent before any study-related procedures were performed. The GALA study ([clinicaltrials.gov](http://clinicaltrials.gov); NCT01067521) was conducted in accordance with good clinical practice and International Conference on Harmonization guidelines. Study progress was overseen by an independent data-monitoring committee.

End points. {#s1-3}
-----------

The primary end point for the GALA study was ARR, based on the total number of confirmed relapses over the course of the 1-year study period among the intent-to-treat (ITT) population, which comprised all patients randomized to receive GA40 or placebo.^[@R12]^ The definition of relapse was the appearance of ≥1 new or previously observed neurologic abnormalities, lasting ≥48 hours and immediately preceded by an improvement in neurologic state lasting ≥30 days from the onset of the previous relapse. Furthermore, an event was considered a relapse if symptoms were accompanied by neurologic changes consistent with a ≥0.5-point increase in the EDSS score compared with the previous evaluation, if ≥2 of the 7 functional system assessments yielded an increase of 1 grade in scoring, or a 2-grade score increase in a single functional system assessment.^[@R12]^ Secondary end points included the number of new or newly enlarging T2 lesions, number of GdE T1 lesions, and percent brain volume change. Exploratory end points included the time to first relapse, proportion of relapse-free patients, number of severe confirmed relapses, and time to 6-month confirmed disability progression. Safety was assessed by the incidence of AEs and serious AEs, changes in vital signs, clinical laboratory parameters, and ECG findings over time.^[@R12]^

Post hoc statistical analyses. {#s1-4}
------------------------------

### Calculating accumulating ARR. {#s1-4-1}

As a descriptive measure, the ARR can be calculated as the number of confirmed relapses divided by the annual exposure to the drug, i.e., the number of relapses in the population divided by the number of years of exposure. ARR, it should be noted, can be calculated at any time point in the study. To calculate the accumulating ARR for the present analysis, the relapse data were censored at each study day and the statistic was estimated. The accumulating ARR at a given study day for a treatment group is therefore calculated as the total number of relapses that occurred in that group on or prior to the study day of interest divided by the corresponding number of patient-years of exposure up to the study day. The accumulating ARR at the last study day is therefore equivalent to the typical ARR presented as the primary study end point. The resulting statistics calculated at each study day provide a description of the estimated relapse rate over time and more specific insights into the timing of efficacy on relapses.

### Additional analytic methods. {#s1-4-2}

The percentage of patients experiencing confirmed relapses was calculated using Kaplan-Meier methodology. Reductions in the numbers of GdE T1 and new or newly enlarging T2 lesions were analyzed separately at months 6 and 12 using a negative-binomial model. Covariates used in this model included the interaction of visit and treatment group, number of GdE T1 lesions at baseline, and country or geographic region.

Classification of evidence. {#s1-5}
---------------------------

This article answers the question of the timing of efficacy onset of GA40 for patients with RRMS, based on the phase III GALA study. This study provides Class II evidence that for patients with RRMS, a 3-times-weekly formulation of GA40 mg/mL leads to a \>30% reduction in the ARR within 2 months.

RESULTS {#s2}
=======

Patients. {#s2-1}
---------

The baseline demographics and disease characteristics of the GALA ITT population are shown in the [table](#T1){ref-type="table"}. There are no significant differences between the 2 groups. Approximately two-thirds of the patient population were female, with an average of approximately 7.7 years since the onset of MS symptoms.

###### 

Baseline patient and disease characteristics

![](NEURIMMINFL2016010868TT1)

Clinical outcomes. {#s2-2}
------------------

The pattern of accumulating ARR over the course of 1 year of the GALA study shows an early treatment effect with GA40 and separation between groups ([figure 2](#F2){ref-type="fig"}). Within 2 months of treatment initiation, patients receiving GA40 exhibited an ARR reduction of \>30% vs patients receiving placebo. Despite early fluctuations in accumulating ARR, this separation between GA40 and placebo was generally sustained for the rest of the analysis period, with 28.7% ARR reduction at month 6 and 33.4% ARR reduction at the end of the study.

![Accumulating annualized relapse rate\
Accumulating ARR is not adjusted for baseline characteristics. ARR = annualized relapse rate; GA40 = glatiramer acetate 40 mg/mL 3-times-weekly SC injection.](NEURIMMINFL2016010868FF2){#F2}

Differences in the proportion of participants in the GA40 and placebo groups who remained relapse-free showed separation within 2 months of treatment initiation ([figure 3](#F3){ref-type="fig"}). At the 6-month time point, the difference seen at 2 months had more than doubled, and by the end of 1 year, the difference in proportion of relapse-free participants in the GA40 group was nearly 11% less than that seen in the placebo group.

![Proportion of patients with a confirmed relapse in the GALA study\
GA40 = glatiramer acetate 40 mg/mL 3-times-weekly SC injection.](NEURIMMINFL2016010868FF3){#F3}

GA40-treated patients demonstrated a reduced number of GdE T1 lesions and new/enlarging T2 lesions compared with placebo at 6 months ([figure 4](#F4){ref-type="fig"}). At month 6 of the GALA study, GA40 was associated with a 38.0% reduction (*p* = 0.001) in the number of GdE T1 lesions and a 24.2% reduction (*p* = 0.0050) in the number of new/enlarging T2 lesions vs placebo. By the end of the study, at month 12, the treatment effect was further pronounced, with 52.5% and 47.3% difference in lesion counts (*p* \< 0.0001, both), respectively. Thus, a significant treatment effect of MRI disease activity was observed by month 6, with the full treatment effect of GA40 observed at the end of the study.

![MRI lesion activity in the GALA study\
GA40 = glatiramer acetate 40 mg/mL 3-times-weekly SC injection; GdE = gadolinium enhancing; SE = standard error.](NEURIMMINFL2016010868FF4){#F4}

DISCUSSION {#s3}
==========

This post hoc analysis of data from the phase III GALA clinical trial demonstrates that, compared with placebo, GA40 treatment in patients with RRMS provided notable improvements in accumulating ARR and lengthening of time to first relapse within 2 months of treatment initiation. MRI outcomes were observed to be significantly different between GA40-treated and placebo-treated patients at the 6-month time point, which was the first MRI conducted after baseline in the GALA study. The relevance of establishing the time to efficacy onset of a DMT in MS derives from the importance of early intervention and the need for rapid therapeutic efficacy in minimizing MRI disease activity and the frequency of relapses.^[@R1],[@R15][@R16][@R17]^

ARR is the most common method for reporting relapse end points in RRMS trials, in part due to its ease of quantification---and thus transparency---and also because of the explicit benefit to patients of a reduction in relapses.^[@R18]^ However, ARR values are derived from a cumulative relapse count over the course of a trial and therefore obscure time-dependent effects that may be relevant. By contrast, the use of the accumulating ARR end point in this analysis has the specific advantage of displaying the time course of ARR over the length of the entire GALA trial. The rationale for the present analysis was to establish a clear picture of the time to efficacy onset for GA using data from a controlled clinical trial. In addition, ascertaining temporal aspects of relapse-related efficacy allows for a qualitative comparison with additional pharmacologic effects over time, such as the accumulation of MRI lesions. The accumulating ARR metric will be useful to analyze the time course of efficacy on relapses in future MS clinical trials with a relapse end point.

The results reported herein show that GA40 has a relatively rapid time to efficacy onset in patients with RRMS, with potential implications for disease management and both short- and long-term clinical and MRI outcomes. The key limitation of this study is the post hoc nature of the analysis because calculating the accumulating ARR and analyzing MRI separately at the 6- and 12-month time points were not the stated end points in the GALA study.

While the efficacy and safety profiles of GA20 and GA40 have been extensively studied, the question of the time to efficacy onset has been much less explored. Prior to this analysis, the only previous study that evaluated the time to efficacy onset in GA treatment of patients with RRMS was the 9003 European/Canadian study of GA20, which was specifically designed to evaluate MRI at frequent intervals, with scans being performed every month during the 9-month placebo-controlled phase of the study.^[@R6],[@R19],[@R20]^ Although the 9003 study was conducted well before the development of the GA40 formulation, it offers the best data source for a comparison with the results of our analysis of the time to efficacy onset in the GALA study. Of course, direct comparisons of 2 separate studies must be approached with caution, and no definitive conclusions based on such a comparison are entirely reliable. Nevertheless, the GALA and 9003 studies had similar designs and patient eligibility criteria.^[@R6],[@R12]^ MRI lesion activity among patients receiving daily GA20 or placebo in the 9003 study showed separation between the 2 groups by month 2: the mean number of total enhancing lesions at month 2 was 19.4% lower in the GA20-treated group compared with the placebo-treated group. By month 6, a significant difference had been achieved, with 35.9% fewer enhancing lesions in the GA20 group (*p* \< 0.01). The differences were even greater at month 8 (49.7%, *p* \< 0.001) and month 9 (40.1%, *p* \< 0.02).^[@R6],[@R21]^ Taken together, these results parallel those seen in our analysis of the GALA data. Although approximately 36% less lesion activity was observed among GA20-treated patients in the 9003 study at month 6, the number of GdE T1 lesions was reduced by 38% after 6 months in the GALA study, whereas new and newly enlarging T2 lesions were reduced by approximately 24% among those treated with GA40; these differences were, in all cases, statistically significant in favor of GA therapy. In addition, results after 9 months of GA20 treatment in the 9003 study (which, of course, are not directly comparable with 6-month data) show the number of T1 lesions to have been reduced by 35%, while new T2 lesions (not including enlarging T2 lesions) were reduced by 30%, differences that were statistically significant in both cases.^[@R6]^

This post hoc analysis of results from the GALA study shows an improvement with regard to the development of new or newly enlarging lesions as detected by MRI in patients treated with GA40 compared with those receiving placebo; this improvement occurred early, within 2 months of the start of treatment, and was generally sustained throughout the trial. With regard to occurrence of relapses in RRMS, the use of the accumulating ARR metric provides clinically meaningful insight into the time course of the efficacy of GA. The efficacy of GA40 in reducing numbers of MRI inflammatory lesions occurred by 6 months in the GALA study, an effect similar to that previously seen in the 9003 study of GA20. These results indicate that GA40 contributes to early efficacy in RRMS through the reduction of inflammatory lesions and relapses.
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